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@ A resonance type variable wavelengtli lumi- 
nescent device whicii can control a spectrum of 
emission ligiit of luminescent elements in res- 
ponse to an input signal such as voltage, heat, 
pressure, sound wave, magnetic field, electric 
field, gravity, electro-magnetic waye or tlie like. 
Sequentially formed as laminated on a glass 
substrate (101) are a semi-transparent reflective 
film (102), first electrically conductive transpa- 
rent electrode films (103a), a variable optical 
length layer (201), second electrically conduc- 
tive transparent electrode films (103^, a hole 
injection layer (104), an active layer (105) made 
of aluminum chelate or the like and metallic 
electrodes (106), so that the first and second 
eledrically conductive transparent electrode 
films (103a, 103b) are mutually arranged in a 
matrix form. A voltage is applied between the 
second electrically conductive transparent elec- 
trode films (103b) and the metallic electrodes 
(106) to cause light emission of the active layer 
(105), whereas a voltage Is applied between the 
first and second electrically conductive transpa- 
rent electrode films (103a, 103b) to control the 
optical length of the variable optical length 
layer (201) and to control a spectrum of emis- 
sion light of the device. The variable wavelength 
luminescent device can be applied to planar 
color displays, optical switches and various 
sorts of sensors. 



FIG. I 
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The present invention relates to a iuminesoent 
device and more particularly, to an electrolumines- 
cence (which will be referred to merely as EL, herein- 
after) device which light wavelength is variable and 
which can be suitably used for optical logical devices, 
display devices, communication luminescent devic- 
es, read/write heads for infonfnation files, printers, 
sensors, etc. in Information communication fields. 

There is disclosed in a journal entitled "Japanese 
Journal of Applied Physics", vol. 27, No. 2 (1988), pp., 
L269 - L271 that an emission spectrum is obtained 
based on a molecular formula for respecthw organic 
phosphor materials of a thin film. 

Fig. 2 is a cross-sectional view of an ordinary or- 
ganic luminescent device which uses the afbremen- 
ttoned thin film of the organic phosphor materials. The 
organic luminescent device comprises a glass sub- 
strate 101, electrically conductive transparent elec- 
trode films 103 formed on the glass substrate 101, a 
hole Injection layer 104; made of diamine derivative 
(abbreviated to TAD), an active layer 105, metallic 
electrodes 106, these layers being sequentially 
formed In this order. 

The electrically conductive transparent electrode 
films 1 03 and metallic electrodes 106 are arranged to 
be orthogonal to each other, in a matrix form. When 
a D.C. voltage of 5-20V is applied to the matrix with 
the electrically conductive transparent electrode 
films 103 as a plus tenninal and the metallic electro- 
des 108 as a minus terminal, an Intersection part be- 
tween the plus film and minus electrode emits light 
that exits from the glass substrate 101. The light 
emission part is called a pixel. The emission spectrum 
of the matrix is determined by the type of the lumines- 
cent material. When aluminum chelate (abbreviated 
to ALQ) is employed as the luminescent material, 
such a broad emission spectrum as shown in Fig. 3 
is obteined. In this case, the emission spectrum has 
been determined essentially uniquely. Further, when 
it is desired to modify the emission spectrum, it has 
been common practice to dope a color filter but been 
impossible to freely modify the emission spectrum of 
a once-prepared device. 

Also disclosed in a magazine entitled 'Appl. 
Phys. letL", Vol. 63(5), No. 2, August 1993 is such a 
matrix that, as shown in Fig. 8 (in the present appli- 
cation), comprises min-or electrodes of organic thin 
films formed for the metellic electrodes 106 in Fig. 2, 
a semi-transparent reflective film (half mirror) 

102 fomied on a glass substrate 101 to have a 
multi-layered structure of T1O2 and S1O2 films, electri- 
cally conductive transparent electrode films 103 
formed on the semi-transparent reflective film 102, a 
hole injection layer 104 of diamine derivative (TAD) 
formed on the electrically conductive transparent 
electrode films 103, an active layer 105 of aluminum 
chelate (ALQ) formed on the hole injection layer 104, 
metallic electrodes 106 fonned on the active layer 



105, these films and layers being formed in this order, 
so that the emlss'ion intensity of the organic thin films 
is increased based on the cavity effect to light be- 
tween the metallic electrodes 106 and semi- 

s transparent reflective film 1 02 and at the same time, 
the emission spectrum of the matrix is made narrow. 

In other words, the above citation reports that, 
when a distence between the metallic electrodes 106 
and semi-transparent reflective film 102 is set to cor- 

10 respond to a specific wavelength in the emission 
spectrum range (between 450nm and TOOnm) of the 
active layer 105, light having the specific wavelength 
is resonated to increase the intensity of the light as 
shown in Fig. 9. 

IS There is disclosed in U.S. Patent Na 5,003,221 
a liquid crystal device such that comprises liquid crys- 
tal elements made up of a transparent substrate 11, 
stripe electrodes 13, a dielectric layer 14, an EL layer 
15, a dielectric layer 16, stripe electrodes 17 formed 

20 sequentiallyon the transparent substrate 11 in this or- 
der, and the diffraction index of a thin film layer 12 is 
set so that a difference in the diffraction index be- 
tween the transparent substrate 11 and liquid crystal 
elements becomes a minimum, thus reducing refleo- 

25 tion of light coming from the outside to the liquid crys- 
tal device. 

However, in the above prior art, it has been not 
possible to change the wavelength of the emission 
spectrum of the luminescent device. 

30 Meanwhile, JP-A-3-197923 discloses a liquid 
crystal device in which at least two liquid crystal lay- 
ers having a birefringence index varied by a voltage 
are provided between an analyzer and a polarizer and 
the birefringence is controlled by the voltage between 

35. liquid crystal electrodes to utilize the multiple liquid 
crystal layers as a variable color filter. However, this 
liquid crystal device becomes large in size when com- 
pared with the aforementioned thin film EL device, 
because a light source is required to be provided out- 

40 side of the liquid crystal device. 

The above prior art has had a problem that since 
the color of light issued from the luminescent device 
is detenmined uniquely by the used luminescent ma- 
terial, the color of the emitted light cannot be control- 

45 led. 

That is, in the method disclosed in the above ma- 
gseine "Appl. Phys. lett.", It is disadvantageously im- 
possible to control the emission spectrum by an input 
signal. 

so The above JP-A-3-1 97923 has had problems that 
since the multi-layered variable color filter, the light 
transmission loss is large and that since a light source, 
must be provided outside of the liquid crystal ele- 
ments, the overall device becomes large in size. 

55 It is an object of the present invention to provide 
a variable wavelength, compact luminescent device 
which can, in principle, avoid the light transmission 
loss of the aforementioned color filter or the lilce. 
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In order to solve the above problems the concept 
of the present invention is based on the feature that 
the optical length of an active layer provided between 
two light reflective layers provided at upper and lower 
sides of the active layer is adjusted by an input signal 
to control the spectrum of output light of a variable 
wavelength luminescent device. 

In accordance with an aspect of the present in- 
vention, there Is provided a variable wavelength lumi- 
nescent device wherein at least a semi-transparent 
reflective film as one of the light reflective layers, f iret 
electrically conductive transparent electrode films, 
an variable optical length layer, second electrically 
conductive transparent electrode films, an oi^anic 
thin film as the active layer and metallic electrodes as 
the other of the light reflective layare are sequentially 
formed as laminated on a transparent substrate, and 
an input signal is applied between the first and sec- 
ond electrically conductive transparent electrode 
films to change the optical length between the films. 

The present invention may Include various mod- 
ifications which include the following. 

The variable optical length layer may be made of 
material whose refractive index or thickness is varied 
by a voltage, such as, e.g., polymer dispersion type 
liquid crystal material. 

The variable optical length layer may be made of 
material whose thiciaiess is varied in response to the 
input signal indicative of heat, pressure, sound wave, 
magnetic field, electric field, gravity or electromag- 
netic wave. 

In this case, a flexible protective layer is provided 
on the transparent substrate and/or metallic electro- 
des so that the thickness of the variable optical length 
layer is varied in response to an external mechanical 
force applied onto the transparent substrata and/or 
metallic electrodes. 

Further, a magnetized magnetic layer is provided 
at least one skie of the flexible protective layer pro- 
vided on the transparent substrate and/or metallic 
electrodes so that the thickness of the variable optical 
length layer is varied in response to appiicatk>n of an 
external magnetic field. 

The variable optical length layer may be made of 
material whose thickness is varied when subjected to 
light irradiation. 

The organic thin film may be made of material 
which corresponds to luminescent niaterial having a 
luminous peak in a blue wavelength range (between 
400 and 480 nm) and doped with 1-20% of aluminum 
chelate. 

The first and second electrically conductive 
transparent electrode films and the metallic electro- 
des are arranged in the form of a stripe fomi intersect- 
ed with each other and intersectton parts of the stripe 
form pixels. 

The first and second electrically conductive 
transparent electrode films are arranged in the form 



of a stripe fomi parallel to each other and the metallic 
electrodes are arranged in the form of a stripe form 
intersected with the first and second electrically con- 
ductive transparent electrode films. 
5 The width of the stripes of the f iret electrically 
^duotive transparent electrode films is set to be 
less than half the wWth of the stripes of the second 
electrically conductive transparent electrode films. 
Voltages for allowing passage of red, green and 
10 blue emission ligtA components are switchingiy ap- 
plied between the first and second electrically con- 
ductive transparent electrode films. 

Further, voltages for allowing passage of red, 
green and blue emission light components are se- 
ts quentialiy applied between the first and second eleo- 
trically conductive transparent electrode films. 

The display side surface of the first and second 
electrically conductive transparent electrode films is 
divided into two, to one of which a voltage for causing 
20 lightpassageoftheupperorlowerhalf of avisible wa- 
velength range is applied and to the other of which a 
voltagefor causing light passage of the lower crupper 
half of the visible wavelength range. 

The brief operatkm of the arrangement of the 
25 present Inventbn is as follows. 

The two light reflective layera provided at the 
both side surfaces of the active layer cause reso- 
nance of light of the active layer and the iBsonance 
optical length is controlled to control the spectrum of 
30 output emission light 

The transparent reflective films and metallte 
electrodes correspond to the above two reflective 
layers and the input signal applied between the first 
=. and second electrically conductive transparent elec- 
ts trode films Is used to control the above resonance 
optical length. 

The variable optical length layer made of, e.g., 
polymer dispereion type liquid crystal material is var- 
ied in its thickness when subjected to a voltage to 
40 change the resonance optical length. 

The material varied in its thickness when subject- 
ed heat, pressure, sound wave, magnetic field, elec- 
tric field, gravity, electromagnetic wave or the like 
acts to change the above optical length in response 
45 to these input signals. 

Further, the flexible protective layer acts to pro- 
tect the luminescent device and to transmit an exter- 
nal mechanical force to the variable optical length lay- 
er. 

so The magnetized magnetic layer acts to transmit 
an external magnetic field force to the variable optical 
length layer. 

Material varied in its thickness when subjected to 
the above light in-adiation acts to change the above 
55 variable optical length layer In response to the exter- 
nal light inradiation. 

The luminescent material made of a mixture of lu- 
minescent material having a luminous light peak and 



5 



EP 0 653 902 A1 



6 



1-20% of aluminum chelate doped thereto offers an 
oiiganic thin luminous film which can control all the 
visible light range. 

Further, in the case of the first and second elec- 
trically conductive transparent electrode films and 
metallic electrodes in a stripe form intersected with 
each other, the Infersei^on parts oir the Wpes 'ir^^^ 
selectively used as pixels. 

When the first and second electrically conductive 
transparent electrode films are arranged parallel to 
each other in a stripe form, the intersection parts of 
the stripes of the metallic electrodes and first and 
second electrically conductive transparent electrode 
films are used as pixels. 

When the width of the stripes of the first electri- 
cally conductive transparent electrode films is set to 
be less than half the width of stripes of the second 
electrically conductive transparent electrode films, 
two or more pixels are disposed within the width of 
each of stripes of the first electrically conductive 
transparent electrode films. 

When voltages for causing passage of red, green 
and blue emission light components are applied be- 
tween the first and second electrically conductive 
transparent electrode films, red, green and blue light 
can be switchingiy emitted from the same pbcei. 

When voltages for causing passage of red, green 
and blue emission light components are sequentially 
applied between the first and second electrically con- 
ductive transparent electrode films, the positions of 
the red, green and blue pixels are fixed. 

In the case where the first and second electrically 
conductive transparent electrode films are divided 
into two, to one of which a voltage for causing pas- 
sage of light in a longer or shorter wavelength range 
Of the visible wavelength zone is applied and to the 
other of which a voltage for causing passage of light 
in the shorter or longer wavelength range of the visi- 
ble wavelength zone is applied, since the pbceis, two 
of which make a set, cover the entire visible wave- 
length zone, the control range of the optical length of 
the organic thin active layer is reduced to half. 

Other objects, features and advantages of the in- 
vention will become apparent from the description of 
the following embodiments of the invention in con- 
junction with the accompanying drawings, in which: 
Fig. 1 is a cross-sectional view of a variable wa- 
velength luminescent device in accordance with 
an embodiment of the present invention; 
Fig. 2 is a cross-sectional view of a prior art lumi- 
nescent device; 

Fig. 3 Is an emission spectrum diagram of the de- 
vice of Fig. 2; 

Fig. 4 is a perspective view of an example of an^ay 

of matrix electrodes in Fig. 1; 

Fig. 5 is a perspective view of another example 

of anay of matrix electrodes in Fig. 1; 

Fig. 6 is a perspective view of a further example 



of array of matrix electrodes in Fig. 1 ; 

Fig. 7 is a perspective view of yet another exanv 

pie of array of matrix electrodes in Fig. 1; 

Fig. 8 is a cross-sectional view of a prior art res- 

5 onance type luminescent device; 

Fig. 9 is a emission spectrum diagram of the de- 
"liceof F^.8; 
Fig. 10 is an emission spectrum diagram of the 
device of Fig. 1; 

10 Fig. 11 is a cross-sectional view of the variable 
wavelength luminescent device of the present In- 
vention when used as a three-primary-color dis- 
play; 

Fig. 12 is a cross-sectional view of the variable 

IS wavelength luminescent device of the present in- 
vention when the respective pbceis of the device 
are light emitted in full color; 
Fig. 13 is a cross-sectional view of the variable 
wavelength luminescent device when two full- 

20 cddr wavelength ranges are assigned to the re- 
spective pixels of the device; 
Fig. 14 is a cross-sectional view of the variable 
wavelength luminescent device when the device 
is used as an optical switch; 

25 Fig. IS is a cross-sectional view of the variable 
wavelength luminescent device of the present in- 
vention when a variable optical length layer in the 
device is made of non-solid material; 
Fig. 16 is an emission spectrum diagram of the 

30 variable wavelength luminescent device of Fig. 1 
when blue luminescent material Is doped to the 
variable optical length layer for emission of a full 
range of visible light; 

Fig. 17 is a characteristic diagrani showing a re- 
35 latlonship between an addition rate of the above 
ALQ and a ratio of blue peak int-insity to ALQ 
peak in Fig. 16; 

Fig. 18 is a cross-sectional view of a variable wa- 
velength luminescent device when the device of 

40 Fig. 1 is attached with an improved-recognition 
filter Including a black mask and color filters; 
Fig. 1 9 is a cross-sectional view of a variable wa- 
velength luminescent device when the device of 
Fig. 1 1s attached with another improved-recog- 

45 nition filter including a black mask and color fil- 
ters; 

Figs. 20A and 20B are cross-sectional views of 
the embodiment of the variable wavelength lumi- 
nescent device of the present invention when out- 
50 put light of the device is controlled by external 
light signal; 

Fig. 21 Is an output light spectrum control dia- 
gram in Figs. 20Aand 20B; 
Fig. 22 is an output light intensity control diagram 
55 in Figs.20Aand20B; 

Fig. 23 is a cross-sectional view of the embodi- 
ment of the variable wavelength luminescent de- 
vice of the invention when output light of the de- 
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vice is controlled by external force signal; and 
Fig. 24 Is a cross-sectional view of the embodi- 
ment of the variable wavelength luminescent de- 
vice of the Invention when the external force sig- 
nal in Fig. 23 is replaced by a magnetic force. 5 

Embodiment 1 

Referring to Fig. 1, there Is shown a cross- 
sectional view of a variable wavelength luminescent io 
device in accordance with a first embodiment of the 
present Invention, in the Illustrated example, sequen- 
tially formed on a glass substrate 101 are a semi- 
transparent reflective film 102 of Tf02 and S|02 lay- 
ers, electrically conductive transparent electrode is 
films 103a made of Indium tin oxide (ITO), a variable 
optical length layer 201 made of polymer dispersion 
type liquid crystal, electrically conductive transparent 
eledrode films 103b made of indium tin oxide (ITO), 
a hole injection layer 1 04 made of diamine derivative 20 
(TAD), an active layer 105 made of aluminum chelate 
(ALQ), and a metallic electrodes 106 made of Ag:Mg. 

As shown in Fig. 4, the electrically conductive 
transparent electrode films 103b and metallic electro- 
des 106 are arranged to be perpendicular to each 25 
other In the form of a matrix, and a D.C. voltage of 5- 
20V is applied to the electrically conductive transpar- 
ent electrode films 103b as its plus terminal and met- 
dllic electrodes 106 as its minus terminal, so that in- 
tersections between the both films and electrodes 30 
are to be light-emitted as pixels. When the electrically 
conductive transparent electrode films 103a and 
103b are also arranged to be peipendicular to each 
other, the spectra of emission light of the respective 
pixels can be controlled on every pixel basis by a vol- 3S 
tage applied between the electrically conductive 
transparent electrode films 103a and 103b. 

When the electrically conductive transparent 
electrode films 103a and 103b are anranged in the 
form of stripes parallel to each other as shown In Fig. 40 
5, the output light spectra of the pixels can be collec- 
tiveiy controlled by a voltage applied between the 
electrically conductive transparent electrode films 
103a and 103b. 

When a spacing between the adjacent electrical- 4S 
ly conductive transparent electrode films 103a in Fig. 
4 or 5 is set to be half that of the electrically conduc- 
tive transparent electrode films 103b or less as 
shown in Figs. 6 and 7, eadi of the pixels formed by 
the metallic electrodes 106 and electrically conduo- 50 
tive transparent electrode films 103b can issue light 
corresponding to a combination of a plurality of lumi- 
nous color light. 

A sum d of optical lengths obtained by products 
of the respective thidcnesses and refractive indexes 55 
of the electrically conductive transparent electrode 
films 103a and 103b, hole injection layer 104, active 
layer 105 and variable optical length layer 201 Is set 



to have a value in an ALQ emission spectrum range 
(between 450 and 700nm) In the absence of the semi- 
transparent reflective film 102 in Fig. 3. 

The present embodiment is anranged so that a 
voltage applied between the electrically conductive 
transparent electrode films. lQ3a. and lQ3h-iausea 
the refractive index of the variable optical length layer 
201 to be varied within a range of 1.S-1.8, whereby 
the value of the optical length sum d is equal to the 
length of a resonator and thus light is varied by 200nm 
in boHi-way travel on the resonator length. To this 
end, the variable optical length layer 201 is set to have 
a thiclcness of 340nm. 

More specifically, the optical length between the 
metallic electrodes 106 and semi-transparent reflec- 
tive film 102 is controlled In accordance with the ap- 
plication voltage between the electrically conducthre 
transparent electrode films 103a and 103b to reso- 
nate the light having a wavelength corresponding to 
the controlled optical length, so thatthe light emission 
intensity ef the emission spectrum is increased and 
at the same time, the width of the emission spectrum 
is narrowed. As a result, a specific light component of 
a specific wavelength in the emission spectrum 
range (between 450-700nm) of the active layer 105 
is art)itrariiy extracted to be increased in its intensity, 
as shown in Rg. 10. 

Embodiment 2 

Shown in Fig. 1 1 is a cross-sectional view of a va- 
riable wavelength luminescent device in accordance 
with a second embodiment of the present invention 
when the device of Fig. 1 is used as a three-primary- 
color display. More in detoil, in the present embodi- 
ment, voltages corresponding to three-primary- 
cdore of red (R), green (G) and blue (B) are sequen- 
tially applied between the uniformly-prepared electri- 
cally conductive transparent electrode films 103a 
and 103b of the respective pixels to emit light of 3 pri- 
mary colors of the three pixels, and the intensity of 
emission light of each pixel is controlled by a voltage 
applied between the electrically conductive transpar- 
ent electrode films 1 03b and metallic electrodes 1 06. 
As a result, since the respective intensities of emis- 
sion light components of the colors R, G and B can 
be further controlled mutually independently, a color 
light emission display based on the 3 primary colore 
can be reallzied. 

Embodiment 3 

Referring to Fig. 12, there is shown a variable wa- 
velength luminescent device in accordance with a 
third embodiment of the present invention, in which 
voltages corresponding to predetermined color 
shades are continually applied between the electri- 
cally conductive transparent electrode films 103a 
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and 103b to allow the respective pixels to also emit 
light of medium shades. As in the example of Fig. 11 , 
the intensity of emission light of the respective pixels 
is controlled by a voltage applied between the eleo- 
trically conductive transparent electrode films 103b 5 
and metallic electrodes 1 06. In Fig. 1 1 , a set of 3 pix- 
els function as a single full-color pixel; wheressK In the 
present embodiment, each of the pixels fuostions as 
a full-color pbcel, which results in that its display den- 
sity and dffective light emission area can be made io 
substantially triple and the device can be used for a 
display unit of a computer terminal. 

Embodiment 4 

IS 

Fig. 13 is a variable wavelength luminescent de- 
vice in accordance with a fourth embodiment of the 
piesent invention, In which a range of all the wave- 
lengths of full-color emission light is divided into a 
plurality of sub-ranges and the divided sub-ranges of 20 
the emission light wavelengths are assigned to divid- 
ed pixel groups. As a result, since the respective wa- 
velength control ranges of the pbcel groups can be 
made narrow, the con'esponding thickness of the va- 
riable optical length layer 201 can be also made nar- 25 
row and thus the thickness design maigin of the dis- 
play device can be setto be large. When the thickness 
of the variable optical length layer 201 is liarge, unnec- 
essary emission light peaks other than main emission 
light peaks tend to easily occurand thus the lightcolor 30 
Impurity is disadvantageously deteriorated or re- 
duced. However, the present embodiment can solve 
this problem. 

In the embodiment of Fig. 13, the wavelength 
range of full-color emission light is divided into two of 3S 
a tonger wavelength sub-range (between 580 and 
700nm) and a shorter wavelength sub-range (be- 
tween 450 and 580nm) and voltages corresponding 
to the divided longer and shorter wavelength sub- 
ranges are alternately applied on every pbcel basis. 40 
Since the emission light wavelength range of each 
pixel is divided into 1/2, the respectively optimized 
pixel structure can be realized. 

Embodiments 45 

Fig. 14 is a cross-sectional view of a variable wa- 
velength luminescent device in accordance with a 
fifth embodiment of the present invention when used 
an optical switch. 50 

In the variable wavelength luminescent device of 
the embodiment of Fig. 14, since a voltage applied be- 
tween the electrically conductive transparent elec- 
trode films 103a and 103b causes variation of the wa- 
velength of emission light, alens 110, a prism 112 and 55 
so on are provided at the light emissfon side of the de- 
vice to deflect the light path of the emission light ac- 
cording to the wavelength of the emission light and to 



detect the emission light having a predetermined de- 
f lectton angle by an optical detector 11 3. In this case. 
It is unnecessary to set the variation range of the opt- 
ical length d by the variable optical length layer 201 
to be as large as that of the aforementioned color dis- 
play, the variable optical length layer 201 can be 
made of such nonlinear optical material having a fast 
response speed or time as lithium ntobate. 

As a result, there can be obtained such an optical 
device as to be switched by the voltage applied be- 
tween the electric^ly conductive transparent elec- 
trode films 103a and 103b. 

Further, when a voltage applied to the hole injec- 
tk>n layer 104 and a voltage applied to the variable 
optical length layer 201 are used as logical inputs, for 
example, such fogical operation as AND, OR or the 
like can be optically carried out. Furthermore, when 
the structures of the metallic electrodes 106 and 
electrically conductive transparent electrode films 
1 03a and 103b are suitably modified, there can be re- 
alized a more complicated optical logical circuit 

Embodiment 6 

Shown in Fig. 1 5 is a cross-sectional view of a va- 
riable wavelength luminescent device In accordance 
with a sbdh embodiment of the present invention 
when the variable optical length layer 201 is made of 
non-solkl, variable optical length material. More spe- 
cifically, a semi-transparent reflective film 102 and 
electrically conductive transparent electrode films 
103a and 103b are sequentially formed on a glass 
substrate 101a. More in detail, such variable optical 
length material 201 as, e.g., polymer dispersion type 
liquid crystal material is sealed within a space defined 
between the electrically conductive transparent elec- 
trode films 103a and 103b. Next sequentially formed 
on the electrically conductive transparent electrode 
films 103b are a hole injection layer 104, an active 
layer 105 and a metallic electrodes 106. The entire 
variable wavelength luminescent device is fixed by a 
sealing member 114 and sealed by the two substrates 
lOlaandlOlbso that the variable optical length layer 
201 has a predetermined thtekness. 

Embodiment 7 

Although the active layer 105 has been made of 
ALQ material providing a high and stable luminance 
or brightness in the foregoing embodiments of the 
present invention, the blue color component be- 
comes, in some applications, insufficient because the 
lower limit of wavelength of the blue emission light is 
4S0nm. 

This problem can be solved by dopeing to the 
ALQ material such material having an emission light 
peak in a blue zone of 400-480nm as azomethene 
zinc complex. Fig. 16 shows a seventh embodiment 
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of the variable wavelength luminescent device in ao- 
cordance with the present inventton, in which case 
such an emissfon light zone (shown by reference nu- 
meral 3) as broad as substantially 400-700nm is ob- 
tained by adding the an ALQ emission light zone 1 to s 
the above blue zone 2. 

Rg. t7 is agraph showing arelatlonship between 
an addition rate of the above ALQ and a ratio of blue 
peak intensity to ALQ peak. The intensity of the blue 
emission light is suff icient to be about 1/10 the infen- io 
sity of the green emission light when the variable wa- 
velength luminescent device is used for a display. 
Thus, ten times the blue emission light intensity is set 
to be 1/5 times to 5 times the ALQ emission light In- 
tensity. To this end, the amount of ALQ addition is set is 
tobe1-20mol%. 

Embodiments 8 and 9 

Figs. 18 and 19 are cross-sectional views of va- 20 
riable wavelength luminescentdevices in accordanee 
with eighth and ninth embodiments of the present In- 
vention, in which a black mask 115 te provMed at a 
light emission part and color filters 116 for allowing 
transmission of light belonging only to respective 25 
emission light zones or ranges are provided at the 
light emisston parts of the respective pbcels. More 
specifically, Rg. 18 is the embodiment in which the 
emission light of the respective pixels are controlled 
in the respective light transmission ranges of the color 30 
filters 116; while. Fig. 19 is the embodiment in which 
the electrically conductive transparent electrode 
films 103a are omitted and the spectrum of emission 
light is uniquely restrided by the color filters 116. ia 
this connection, the black mask 115 and color filters 35 
116 may be provided outside of the glass substrate 
101 as necessary. 

The variable optical length layer 201 may be ap- 
plied to all luminescent devices having a fine optical 
resonator structure and the variable optical length « 
member may be made of one selected from the group 
of various sorts of materials including organic and in- 
organic materials. However, when the variable optical 
length layer is made of organic luminescent material, 
the thickness of the variable optical length layer 201 45 
can be easily set to be on the order of emission light 
wavelengths, which results In thatthe design and fab- 
rication can be relatively facilitated and a good stabil- 
ity of long term can be obtained. 

If necessary, the variable optical length layer 201 50 
may be made of, in addition to the aforementioned 
material having a refractive index varied according to 
the voltage, such material as the thickness of the lay- 
er is varied according to stich an input signal as heat, 
pressure, sound wave, light, magnetic field, electric 55 
field, gravity, electromagnetic wave and so on, with 
substantially the same or equivalent opeiatton and ef- 
fects. Further, these materials may also be employed 



In combination. In this case, the electrically conduc- 
tive transparent electrode films (ITO) 103a may be 
omitted as necessary. Since the spectrum of such a 
luminescent devtee is varied according to such an In- 
put signal as heat, pressure, sound wave, magnetic 
field, electric field, gravity, electrojmagnetic wave or 
the tike, the device can also be used as a device for 
detecting the heat, pressure, sound wave, magnetic 
field, electric field, gravity, electromagnette wave or 
the like. 

Embodiment 10 

Figs. 20Aand 20B show a variable wavelength lu- 
minescent device in accordance with a tenth embodi- 
ment of the present invention in which the wavelength 
and intensity of emission light are controlled by light 
irradiation. The variable optical length layer 201 is 
made of nonlinear optical material whose optical 
length is varied by light irradiation. The above irradia- 
tton Iight(lightsignal) Is irradiated fromone side ofttie 
glass substrate 101 as shown In Fig. 20Aorfrom one 
sMe of the variable optical length layer 201 as shown 
in Rg. 20B. 

Referring to Fig. 21, there is shown an emission 
spectrum diagram showing, as an example, a varia- 
tion of emisston light with respect to the above light 
signal. This diagram indicates that the emission light 
located at a position of wavelength A In the absence 
of the light signal Is moved to a posHton of wavelength 
B in the presence of the inadiafed lightsignal. Accord- 
ingly, since the Irradlatton of the light signal causes 
the decrease of intensity of the emission light of the 
wavelength A and the Increase of intensity of the 
emission Hght of tlie wavelength B as shown In Fig. 

22, the device of Figs. 20Aand 20B can be utilized as 
a light-to-light conversion device. 

Embodiment 11 

Fig. 23 is a cross-sectional view of a variable wa- 
velength luminescent device in accordance with an 
eleventh embodiment of the present invention, in 
which such a mechanical force as pressure or attrac- 
tive force Is applied to a variable optical length layer 
201 to vary its optical length. In this case, a flexible 
protective layer 107 made of such insulating material 
as plastic material is provided on metallic electrodes 
to protect the electrodes and at the same time, to pre- 
vent the transmisston of an external force to the vicin- 
ity of pixels. 

Fig. 24 is a specific example of the device of Fig. 

23. Provided on the above flexible protective layer 
107 is averticalfy-magnetized fine film era magnetic 
layer 108 including such simple magnetic material as 
iron or cobalt, so that when an external magnetic field 
109 is applied to the device from its top side or from 
its lower side or from its both top and bottom sides, 
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a pressure or attractive force caused by the magnetic 
field acts on the variable optical length layer 201 to 
vary Its optical length. 

When it is desired to act the external magnetic 
field 110 on the variable wavelength luminescent de- 
vice from one side of the glass substrate 101, the 
glass substrate 101 is made of transparent, thin, ifiex- 
Ible material and is provided on its metallic electrode 
side with a holder plate. 

Although features obtained according to the fore- 
going embodiments of the present invention aregiven 
in the following, it goes without saying that the inven- 
tion is not restricted only to these features. As has 
been described in the foregoing, in accordance with 
the present Invention, there can be provided a vari- 
able wavelength luminescent device of a resonance 
type which can control the spectra of emission light 
of the device based on such an input signal as vol- 
tage, heat, pressure, sound wave, magnetic field, 
electric field, gravity, electromagnetic wave or the 
like. 

Since the emission light color and intensity of 
each of pb(eis arranged in a matrix form can be con- 
trolled by the above voltage signal, there can be pro- 
vided a luminescent device for a planar color display. 

Further, when a combination of voltages applied 
between the electrodes arranged in the matrix fonm 
are used as Inputs and variations in the resultant 
spectra of emission light are used as outputs, there 
can be provided a light-output, digital logical device. 

Furthermore, when the output light spectrum of 
the resonance type luminescent elements is control- 
led by an external light signal, there can be provided 
a light-fa>-light conversion device. 

In addition, when the output light spectrum, of the 
resonance type luminescent elements is controlied 
by such a mechanical force signal as a magnetic 
force, there can be provided a force-to-light conver- 
s'lon device. 



Claims 

1. A variable wavelength luminescent device com- 
prising: 

an active layer (105); 

two light reflective layers (102; 106) pro- 
vided on upper and lower sides of said active lay- 
er (105); 

signal application means for applying an 
input signal; and 

optical length control means (201) for 
varying an optical length between said two light 
reflective layers (1 02) in accordance with the in- 
put signal of said signal application means, 

wherein light of said active layer (105) is 
resonated by said two light reflective layers (102) 
and emission spectrum of output light is control- 



led by said input signal. 

2. A variable wavelength luminescent device as set 
forth in daim 1, wherein at least a semi- 

5 transparent refledive film (102) as one of said 
light reflective layers (1 02), first transparent elec- 
trode films (l03a), an variable optical length lay^ 
er (201), second transparent electrode films 
(103b), an organic thin film as said active layer 

10 (10^ and metallic electrodes (106) as the other 
of said light reflective layers (102) are sequential- 
ly formed as laminated on a transparent sub- 
strate (101), and said signal application means 
includes said first and second electrically con- 

15 ductive transparent electrode films (103b), said 
control means Includes said variable optical 
length layer (201), and the optical length of said 
variable optical length layer (201) is varied in re- 
sponse to signal application of said input signal 

20 between said first and second electrically con- 
ductive transparent electrode films (103b). 

3. A variable wavelength luminescent device as set 
forth in daim 2, wherein said variable optical 

25 length layer (201) is made of material whose re- 
fractive index or thickness is varied by a voltage. 

4. A variable wavelength luminescent device as set 
forth in daim 3, wherein saki variable optical 

30 length layer (201) is made of polymer dispersion 
type liquid crystal material. 

5. A variable wavelength luminescent device as set 
forth in daim 2, wherein said variable optical 

35 length layer (201) is made of material whose 
thickness is varied in response to said input sig- 
nal indicative of heat, pressure, sound wave, 
magnetic field, electric field, gravity or electro- 
magnetic wave. 

40 

6. A variable wavelength luminescent device as set 
forth in daim 5, further comprising a flexible pro- 
tective layer (107) provided on said transparent 
substrate (101) and/or metallic electrodes (106) 

45 to fomi said signal application means, and where- 
in a thickness of said variable optical length layer 
(201) is varied in response to an external mech- 
anical force applied onto said transparent sub- 
strate (101) and/or metallic electrodes (106). 

50 

7. A variable wavelength luminescent device as set 
forth in daim 6, further comprising a magnetized 
magnetic layer provided at least one side of said 
flexible protective layer (107) provided on said 

55 transparent substrate (101) and/or metallic elec- 
trodes (106), and wherein a thickness of said va- 
riable optical length layer (201) is varied in re- 
sponse to application of an external magnetic 
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field. 

8. A variable wavelength luminescent device as set 
forth in claim 2, wherein said variable optical 
length layer (201) is made of material whose 
thickness is varied whensubjected tolight irradia- 
tion. ~ 

9. A variable wavelength luminescent device as set 
forth in any of claims 5 to 8, wherein first electri- 
cally conductive transparent electrode films 
(103a} are omitted. 

10. A variable wavelength luminescent device as set 
forth in any of claims 2 to 4, wherein said organic 
thin films as said active layer (105) is made of ma- 
terial which corresponds to luminescent material 
having a luminous peak in a blue color zone and 
doped with aluminum chelate. 

1 1 . A variable wavelength luminescent device as set 
forth in any of claims 2 to 4, wherein saM organic 
thin film as said active layer (105) is made of ma- 
terial which corresponds to luminescent material 
having a luminous peak In a range of 400-480nm 
and doped with aluminum chelate. 

12. A variable wavelength luminescent device as set 
forth in daim 10 or 11 , wherein the amount of said 
aluminum chielate addition is 1-20 mol%. 

13. Avariable wavelength luminescent device as set 
forth in any of daims 2 to 12, wherein said first 
and second electrically conductive transparent 
electrode films (103b) and said metallic electro- 
des (106) areanranged intheformof astripefbrm 
intersected with each other and intersection 
parts of said stripe form pbcels. 

14. Avariable wavelength luminescent device as set . 
forth in any of claims 2 to 12, wherein said first 
and second electrically conductive transparent 
electrode films (103a, 103b) are arranged in the 
form of a stripe form parallel to each other and 
said metallic electrodes (106) are arranged in the 
form of a stripe form intersected with said first 
and second electrically conductive transparent 
electrode films (103a, 103b). 

1 5. A variable wavelength luminescent device as set 
forth in claim 13 or 14, wherein a width of the 
stripes of said first electrically conductive trans- 
parent electrode films (103a) is set to be less 
than half a width of the stripes of said second 
electrically conductive transparent electrode 
films (103b). 



luminescent devtee set forth in daim 2, compris- 
ing the steps of: 

applying a voltege between said first and 
second electrically conductive transparent elec- 
5 trode films (103a, 103b); 

, J?hanging^theoj)ticaj l^^^^^^ 
opiti«d length layer (201); and 

causing an emesion light component hav- 
ing a specific shade fo be passed. 

10 

17. A method for controlling the variable wavelength 
luminescent device set forth in daim 2, compris- 
ing the steps of: 

applying a voltege between said first and 
IS second electrically conductive transparent elec- 
trode films (103a, 103b); 

changing the optk»il length of said variable 
optical length layer (201); and 

causing an emission light component of 
20 red, green or bliie to be passed. 

18. A method for contioliing the variable wavelength 
luminescent device set forth in daim 2, compris- 
ing the steps of: 

25 previouslydividing an emisston lightwave- 

length zone into a plurality of wavelength zones; 

assigning saM plurality of divided wave- 
length zones to different pixels; 

applying a voltege between said first and 
30 second electrically conductive transparent elec- 
trode films (103a, 103b); 

changing the optical length of said variable 
optical length layer (201); and 

causing emisston light components be- 
3.'; longing to said divided wavelength zones to be 
passed. 

19. Avariable wavelength luminescent device as set 
forth in any of daims 2 to 1 5. wherein a color filter 

40 (118) and/or a black mask (115) Is provided in a 
light emission side of said variable wavelength lu- 
minescent device to reduce surface reflection of 
external light. 

45 
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16. A method for controlling the variable wavelength 
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